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(54) rnie: IDENTIHCATION OF UGANDS BY SELECITVE AMPLIHCATION OF CELLS TRANSFECTED WIH RECEPTORS 



(57) Abstract 

A method of delecting a substance caqpable of acting as a fi^jid, 
the method comprising: (a) incubating, under conditions permitting cell 
amplification, cells transfected with DNA coding for a receptw enable of 
influencing cell amplification in response to a Kgand, the cclb ccax^wising a 
marker of cell amplification, with a test substance which is a potwitial agonist 
or antagonist of the rcceptOT, and (b) after a period of time sufficient to pcimit 
cell amplification, detcnnining die presence or absence of amplification of 
cells c€»taining the marker relative to cells not containing the marker. 
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TRANSFECTED WITH PT7ni7t>m^T>r. 



TRANSFECTED WITH RECEPTORS 
FIELD OF INVENTION 

The present invention relates to methods for identifying 
a test kit for use in the methods. 
BACKGROUND OF THE INVENTION 

Many of the targets for pharmaceutical drug disoovety are 
Ugands for receptor proteins, many of which have recently been 
10 Cloned and phar^cologically characterized. How that a large 
number of receptors have been cloned, a major goal of the 
Phar™,ceutxcal industry is to identify Ugands for these 

Un'Zt t,''' ''"^'^"'"^ ™" """'^^^ substances 
unfortunately, „rth available methods and technology, a major 
15 Umatatron in the drug discovery process is the time and 

t~ '° ™ '""^^ ^^"""^ so many 



3uh ad T of ligand interaction 

^a^il "^"^ ' ^a -P— d in 

easxly manxpulated model systems such as yeast and B. coii, the 

^teractrons of ligands with :,„st receptors are influenced by 

postranslatxonal modifications that are only present Z 

™ua„ «lls. and :^y of these receptors re^ir~u an 

ZIT biological effects. 

Thus for „rde applicability, an assay system must be based on 
egression of cloned receptors in mammalian cells 

evaluated by competition with a labeled ligand ,eg 
30 radronucleotide, for a binding site on the receptor. Lib 
assays are popular because they involve relatively few steps 
Also, since binding often does not require interaction with 
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other cellular protein., these assays are less sensitive to 
fac ors such as levels of expression of the receptor and the 
cellular environment. Recently, technology such as the 
Proximty Assay (anershan Co) has further sizrplified these 
assays .naking autoration and mass screening possible. Binding 
assays have many limitations: ,i, Por many technical reasons, 
Mnding assays are almost always performed in nonphysiological 
buffers. These buffers often „»rkedly influence receptor 
Pharmacology. ,ii, Agonists and antagonists are not reliably 
10 dxscr.m.nated in binding assays. ,iii, Only binding sites for 
wh.ch labeled ligands are available can be studied. .i" 
Since only modest levels of receptor (binding site) egression 
have been achieved in mammalian cells, propagation of receptors 

15 labeled ligands are radioisotopes, the purchase, handling and 
disposal of which are major expenses. 

iLIds""" """^-^'"^""^^ ana antagonist 

Ugands, a response of the receptor must be measured. 
Responses to agonist activation of receptors are co^only 
20 measured as altered arhnv-n-^r • »^"-Ly 

„„, . "iterea activity of various endogenous cellular 

proteins. Bcamples include measurement of second messengers 
such as CAMP (adenylyl cyclase), phosphoinositol metabolism 
(Phospholipase c), tyrosine phosphorylation, and ion channels. 
All Of these assays require the use ot cells and/or cellular 

and these assays include many comple. and expensive steps 
(Schle singer and Ullrich, Neuron 9, 383 ,1992),. chapters in 

--•^ "^ « Brann, ed 

Bxrkhauser (1992)). ' 

30 A strategy that has been used to avoid the tixne and expense of 
measurement of endogenous proteins is to express conveniently 
assayed „.rJcer proteins that can be controlled by activation of 
the receptor. For example, receptors that control levels of 
transcrxption factors can be assayed using markers whose 

35expressxon is under the transcriptional control of these 
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factors. While this approach has led to convenient assays of 
receptors that are known to function as controllers of 
transcription (eg. steroid/thyroid hormone receptors, Evans (WO 
91/07488); Spanjaard et al . Mol . Endorr-i nrM ^.y ^, 7:12-16 (1993)) 
5 these assays have proven to have limited utility when applied 
to cell surface receptors, presumably because of the more 
modest transcriptional control that these receptors exert 
Other than the assays that are based on transcriptional 
control, no approach has been described to assay receptors via 
10 recombinant markers that can be conveniently measured. 

Another approach is to express the receptors in specialized 
cells that have endogenous response mechanisms that allow 
convenient assay of ligand activation of the receptor. Two 
examples include the RBL cells and melanophores . In RBL cells 

15 muscarinic receptors that stimulate phospholipase c enhance the 
release of the enzyme hexosaminidase (Jones et al., febs Lett 
289, 47 (1991)), a conveniently measured response. m 
melanophores (cultured pigment cells) cloned receptors that 
Change cAMP levels alter cellular color, a response that is 

20 similarly easily measured (Potenza et al.. Anal. RSor^b.^ 206, 
315 (1992)). The limitations of these assays are that only 
certain functional types of receptors can be measured. Also 
while the assays are relatively convenient, there are 
limitations inherent in the endogenous responses and cells that 

25 are used. 



When exposed to ligands, a wide diversity of receptors are able 
to alter the pH of the media that is used for cell culture 
These PH changes are small in magnitude and require expensive 
instrumentation for measurement (Cytosensor. Molecular Dynamics 
30 CO.). This device is not compatible with other instruments 
that are used in mass screening (eg. use of a 96 well plate 
format) and because samples must be incubated within the 
instrument for several minutes, there is limited sample 
throughput. 
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A theoretical li^tation inherent in all of the above assays is 
the xnabUity to assay a given ligand against more than than a 
few receptors at the saxne time. For example, radioligand 
bxndxng assays can only be multiplexed to the extent that 
5 different and distinguishable radioisotopes are available (eg 
H versus -i, . Because of their limited dynamic range,' 
xncompatible assay conditions, and the fact that many receptors 
cannot be distinguished from one another based on their 
functxonal responses, second messenger responses, and most 
10 other baochemxcal effects of receptors, are not at all amenable 
to multiplexed assay. similarly, the RBL assay, melanophore 
assay, and Cytosenor pH assays, are only applicable to assay of 
a single receptor at a time. 

Another cellular response that is shared by many receptors is 
15 the abxlxty to alter cellular growth. NIH 3T3 cells are a 
fibroblast cell line that has been extensively used to evaluate 
the activity of large diversity of gene products that control 
cell growth, and a nuirfcer of receptors are able to control the 
activity Of these cells when stimulated by individual ligands 
20 E.^i.s include nerve growth factor (NGF, which stimulates 
growth only when these cells have been transfected with trk a 
nlT.TV''^ (Cordon-cardo et al.. Cell 66:173-183 

(1992); Chao, liSUron 9:583-593 (1992)), carbachol (a muscarinic 
agonist) stimulates cells transfected with certain muscarinic 

(1991); Stephens et al . , Sassaeng 8, 19-26 (1993)), and 
norepinephrine stimulates cells transfected with certain alpha 

lT7^t'nZTr '"^''^ Natl. .... ... ... 

88, 11354 (1991)). After long-teon stimulation with agonist 
30 ligands, the cells change a number of characteristics including 
cellular growth, loss of contact inhibition, and formation of 
macroscopic colonies called foci. The ability to induce foci 
in NIH 3T3 cells is a common characteristic of cancer- 
associated genes (oncogenes) . 
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The ability of receptors and other gene products to stimulate 
growth and induce foci in NIH 3T3 cells correlates with the 
stimulation of individual second messenger systems. Trk A 
receptors stimulate tyrosine phosphorylation (tyrosine kinase 
5 receptor) , and many other genes that stimulate tyrosine 
phosphorylation stimulate growth and focus production in NIH 
3T3 cells (Schlessinger and Ullrich, Neuron 9, 383 (1992)). 
Certain muscarinic (Gutkind et al., Proc. NaM Acad, .go-i ttq^ 
88, 4703 (1991)), adrenergic (Allen et al . , Proc. NaU i^n^ri 
10 Sci^USA 88, 11354 (1991)) and serotonergic (Julius et al 
Scims^ 244, 1057 (1989)) receptors that stimulate 
phospholipase c, also stimulate growth and focus formation in 
NIH 3T3 cells. In the case of the muscarinic receptors, the 
ability to stimulate foci and phospholipase c have exactly the 
15 same dose/response characteristics, suggesting that these 
responses may be used as assays for ligand interactions. 
Unfortunately, these assays offer few advantages to the 
approaches described above. Focus assays involve a response 
that requires at least two weeks of cell culture, and are 
20 confounded by qualitative changes in patterns of growth. Direct 
measurement of cellular growth has also been used to measure 
effects of ligands. The most commonly used assay is ^H-thymidine 
incorporation (Stephens et al., Oncoaenf^ ft. 1993, pp. 19-26).- 
These assays are neither convenient nor inexpensive to perform. 

25 SDMMARY OF THE INVENTION 

It is an object of the present invention to provide an improved 
method for identifying ligands for cloned receptors. 

It is another object of the present invention to provide a 
method for identifying ligands by simultaneous screening of 
30 compounds for activity at multiple cloned receptors. 

It is a further object of the present invention to provide a 
method for measuring ligand concentrations by activity at 
cloned receptors . 
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It is still further object of the present invention to provide 
a method for employing recombinant signaling molecules to 
facilitate assay of ligands for additional cloned receptors. 

It is a still further object of the present invention to 
5 provide a method to identify DNAs encoding receptors for 
ligands . 

It is a still further object of the present invention to 
provide a method to identify mutant forms of receptors that 
have altered ligand dependence. 

10 Accordingly, the present invention relates to a method of 
detecting a substance capable of acting as a ligand, the method 
comprising, 

(a) incubating, under conditions permitting cell amplification, 
cells transfected with DNA coding for a receptor capable of 

15 influencing cell amplification in response to a ligand, the 
cells comprising a marker of cell amplification, with a test 
substance which is a potential agonist or antagonist of the 
receptor, and 

(b) after a period of time sufficient to permit cell 
20 amplification, determining the presence or absence of 

amplification of cells containing the marker relative to cells 
not containing the marker. 

In the method of the invention, a mixture of transfected and 
nontransfected cells will typically be present in step (a) 

25 When a test substance is added to the mixture, its ability to 
act as a ligand for the receptor of interest is determined in 
terms of its ability to confer a coittpetitive advantage on the 
cells in the mixture which are expressing that receptor 
relative to the cells which do not express the receptor. For 

30 exair^jle, as a rule, whether in vivo or in vitro, a cell 
population expressing a receptor will respond positively to a 
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ligand by an overall enhancement of cell function, one aspect 
of which may be increase in growth rate, or loss of contact 
inhibition. Applying this observation to the practice of the 
present method, in vitro, all cells in a culture are 
5 essentially in competition with each other; when cells 
expressing the receptor of interest (transfected cells) are 
stimulated by a ligand, the enhanced function of the stimulated 
cells will permit them to flourish at the expense of the 
nonstimulated (nontransf ected) cells. Thus, if the ligand 

10 being tested is an agonist of the receptor, the transfected 
cells in the mixture will be preferentially amplified in 
response to the agonist, in comparison with nontransf ected 
cells. In other words, the transfected cell population will 
expand at a greater rate than will the nontransf ected cells. 

15 In the present method, the transfected cells are 
distinguishable from the nontransf ected cells in the mixed 
population by the presence of a marker in the transfected 
cells. Only when the transfected cells have been stimulated by 
the test ligand will the airplif ication signal (the marker) 

20 accvimulate. 

When the ligand is an antagonist, the action can be determined 
similarly, but in reverse, i.e., the cells containing the 
marker will be at a competitive disadvantage relative to the 
untransf ected cells, the population of which will expand at a 
25 greater rate than the transfected cells. However, it is 
preferred that the assay for antagonists be conducted in the 
presence of an agonist, and the observed effect is a decrease 
in the amplification response brought about by the presence of 
the stimulatory ligand alone. 

30 In another aspect, the present invention relates to a test kit 
for detecting a substance capable of acting as a ligand, the 
kit coitprising. 



SUBSmUTE SHEET {RULE 26) 
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(a) frozen cells transfected with DNA coding for a receptor 
capable of influencing cell amplification in response to a 
ligand, the cells comprising a marker of cell amplification, 

(b) a medium for growing the cells, 

5 (c) a reagent for detecting the presence and quantity of the 
marker. 

This test kit is useful for an embodiment of the present method 
an which the ligand activity of the test substance (or 
potentially a large number of test substances) is determined by 
10 means of a single receptor (the embodiment of method of the 
invention termed the Single Receptor Format below). 

in a further aspect, the present invention relates to a test 
kxt for detecting a substance capable of acting as a ligand, 
the kit coirprising, 

15 (a) frozen cells transfected with DNA coding for a first 
receptor capable of influencing cell amplification in response 
to a Ixgand, the cells comprising a marker of cell 

airplification, 

(b) frozen cells transfected with DNA coding for a second 
20 receptor capable of influencing cell amplification in response 

to a ligand, the second receptor being distinct from the first 
receptor, the cells comprising a marker of cell aitplification, 

(c) a medium for growing the cells, 

(d) a reagent for detecting the presence and quantity of the 
25 marker. 

This test kit is useful for an embodiment of the present method 
xn which the ability of the test substance (or potentially a 
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large „u„a,er of test substances) to act as a ligand to a 
specific receptor is determined by incubation of the test 
substance with at least two receptors, and potentially a large 
n^ber of receptors simultaneously (the er^odiment of method of 
5 the invention ter,„ed the Multipie Keceptor Fo^t below, . 

The present n,ethod represents a significant i,„provement over 

growth assays reguire direct observation of increase of 
receptor expression, and are generally guantitiative, e.g 
10 results are guantitatively determined by the incorporation of 
radiolabeled reagent over a period of time as an indicator of 
cell growth. in many cases, such as focus assays, the 
indicator of cell growth, i.e., focus formation, sought in the 
assay may take several weeks to develop. m addition, it is 
15 common that distinct test cell and control cell lines have to 
be established before screening ligands can begin; consistency 
cult" . -W-e When working with separately 

cultured cell lines. Such assays are thus not only tiZ 
consuming, but also guite costly. i„ contrast, the present 
assay IS essentially gualitative: ligand-induced enchanced cell 
faction Of those cells expressing the receptor is determined 
by observation of amplification of the transfected cell 
polulation relative to the untransfected cell population from 
25 th! r amplification is readily confirmed by 

as the observation of the enhanced expression of a marker ge^ 
(e.g., an enzyme which produces a visually detectable product 
when reacting with its substrate, in the transfected cells 
separate control cell lines are not necessary, and the results 
are observable within a matter of a few days. 

30 Definitions 

shalTteTer'/""'"""" ""^ 
Shall be defined as- indicated below. 
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A "test substance" is intended to include any drug, conpound or 
molecule with potential biological activity. 

A -ligand" is intended to include any substance that either 
mhxbits or stimulates the activity of a receptor. An "agonist" 
5 xs defined as a ligand increasing the functional activity of a 
receptor (x.e. signal transduction through the receptor) An 
"antagonist" is defined as a ligand decreasing the functional 
activity of a receptor either by inhibiting the action of an 
agonist or by its ovm activity. 

10 A "receptor- is intended to include any molecule present inside 
or on the surface of a cell, which molecule may effect cellular 
physiology when either inhibited or stimulated by a ligand 
lypxcally, receptors which may be used for the present purpose 
coxrprise an extracellular domain with ligand-binding 

15 properties, a transmembrane domain which anchors the receptor 
xn the cell membrane and a cytoplasmic domain v,hich generates 
a cellular signal in response to ligand binding ("signal 
transduction"), m some cases, e.g. with adrenergic receptors, 
the transmembrane domain is in the form of up to several 

20 helical, predominantly hydrophobic structures spanning the cell 
membrane and part of the transmembrane domain has ligand- 
binding properties. 

A "tyrosine ]cinase receptor" is intended to include any 
receptor that has intrinsic tyrosine kinase enzymatic activity. 



A -tyrosine phosphatase receptor- is intended to include anv 
receptor that has intrinsic tyrosine phosphatase enzymatic 



25 A 

ri 

activity. 



A chimeric receptor- is intended to include any combination of 
two or more receptors where the functional "signal transducing- 
30 component of one receptor is fused to the ligand binding 
component of another receptor. 
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A "chimeric G-protein» is intended to include any combination 
of two G-proteins where the effector binding component of one 
G-protein is fused with the receptor binding component of 
another G-protein. 

5 "Gq-i5" is defined as chimeric G-protein consisting of the 
G-protein Gq in which the five amino acids of the C-terminus 
are replaced with the C-terminal five amino acids of Gi . 

"Gi" is intended to include any G-protein which when activated 
inhibits the enzyme adenylyl cyclase. 

10 "Gq" is intended to include any G-protein which when activated 
stimulates the enzyme phospholipase c. 

"Gs" is intended to include any G-protein which when activated 
stimulates the enzyme adenylyl cyclase. 

A -G-protein-coupled receptor" is intended to include any 
15 receptor that mediates signal transduction by coupling with a 
guanine nucleotide binding protein. 

A -G-protein" is defined as any member of the family of 
heterotrimeric, signal transducing guanine nucleotide binding 
proteins . 

20 -Signal transduction" is defined as the process by which 
information from ligand binding to a receptor is translated 
into physiological change. 

An "oncogene" is defined as any gene that is able to stimulate 
focus formation in NIH 3T3 cells in the absence of any ligand. 
25 These genes are often associated with cancerous tumors. 

A "transcription factor- is defined as any substance that is 
able to alter the transcription of a given gene. These factors 
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are often proteins that bind to regions of DNA which modify the 
actxvxty of a promoter, 

•Transfection- is defined as any method by which a foreign gene 
IS inserted into a cultured cell. 

5 A -marker" is defined as any substance that can be readily 
measured and distinguished from other cellular components. The 
marker may be the transfected receptor DNA, the transcribed 
receptor mRNA, an enzyme, a binding protein or an antigen. 

A -cell" useful for the present purpose is one which has the 
10 abxlxty to respond to signal transduction through a given 
receptor by cellular amplification. 

An -aliquot- is defined as a portion of transfected cells 
provided on a solid support, e.g. a microtiter plate, test tube 
or mxcrobead, 

15 -Amplification- is intended to indicate the growth of receptor- 
transfected cells, in particular relative to the growth of non- 
receptor-transfected cells. 

-Altered growth characteristics- is intended to indicate 
enhanced or decreased growth of receptor-transfected cells 

20 relative to non-receptor-trans fected cells (background) 
cultured together with transfected cells. Cells incubated with 
an agonist will typically respond by enhanced growth or in 
some cases, formation of foci on the culture plate Cells 
ancubated with an antagonist will typically respond by 

25 decreased growth. 

Utility 

The present invention is based on the ability of certain 
receptors to modulate cellular growth in a ligand-dependent 
fashion. The present method may be employed in two formats In 
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xnduce markers fh^h • ^ti±ecciveiy 

culture, h i"'3i^i<iual receptors in 

cultures which are mixtures o£ cells tr»n=fo^f.^ -^J^ 
10 receptors. Cransfected with several 

Single receptor ^-or^t allows the convenient assay of the 
interaction of agonist and antagonist ligands with indiv dual 

a"::roTthe''r""^'^ "^^"^ ^--^^ ™- - 

assay of the interaction of agonist and antagonist ligands with 
15 several receptors at the same time. 

The 5ing.ia Receptor Format involves very few steos- „o 
expensive reagents- abini.,, y lew steps, no 

DarH.l ■ ^iliEy to quantitatively discriminate 

assav T""'' -t-5°nists. Because thl 

20 ZZr "IZrT. °^ "--^inant receptor :„d 

receptor' ^"^^ Performed with a wide variety of 

receptors, .rarlcers and cell types. I„ addition to these 
properties, the Multiple Receptor Format represents the 
methodic™ to the inventor which can .e applied to s r en" g 
tor Ugana activity against large numbers of receptors 

25 si^ltaneously. Thus, the Multiple Receptor 

^ rdLified V,"' "''"^ "'^"^ ^"-i'V. may 

site's ^ ' "^"^ ^ ^"^^^ 'esl 

30 Receptor-based assays can be used to evaluate th. 
conc^trations of ^own ligands. «ie ligand to b: Isted ^ 

^.::r ^e'l^rTfr '° - 

<™„ , ■ <lifference between chemical or 

^unologically based assays, and receptor-based assays is the 
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fact that receptor-based assays measure the functional effect 
of the ligand. One application of this feature' is in 
pharmacokinetic analysis of compounds. In these assays, 
receptor-based assays would detect active metabolites that may 
5 be missed by chemical or immunological techniques. Receptor- 
based assays would ignore inactive metabolites. Such data would 
be very useful in evaluating the role of pccupancy of a given 
receptor in the therapeutic effect of test compounds. Another 
application of this approach is to identify the pharmacological 
10 properties of bodily fluids where drug history is unknown. One 
such application would be in illicit drug testing. In this case 
blood could be tested for ability to activate opiate receptors 
to detentdne if an idividual had consumed one of many opioids. 

Another use of the present method could be to newly clone 
15 receptors to given ligands from cDNA libraries. Pools of cDNAs 
from a cDNA library may be screened for activation by a given 
ligand. Which cDNA in a given pool that encoded a responsive 
receptor would be identified by transfecting each cDNA in the 
library until the responsible receptor was identified. The 
20 strategy would be analogous to that illustrated in appended 
figure 11, except that unknown cDNAs are used for the 
transf ections . 



In a further use of the present method, libraries of a given 
receptor may be prepared by amplifying a specific gene from 

25 several individuals, tumors, tissues, or randomly mutated 
pools. These libraries of cDNAs can then be screened by 
transfecting pools of DNAs into cells, and growing the. cells in 
the presence or absence of ligand. This strategy is likely to 
be particularly powerful when applied to identification of 

30 constitutively active versions of receptors (e.g. certain 
oncogenes ) 

DETAILED DESCRIPTION OF THE INVENTION 



Single Receptor Format 
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in one eni^odiment of the present method, cells are transfected 
with DNA encoding a single receptor. • ■ 

Transfection may be performed according to knovm methods. In 
general, a DNA sequence encoding a receptor may be inserted 
5 xnto a suitable cloning vector which may conveniently be 
subjected to recombinant DNA procedures. The vector may be an 
autonomously replicating vector, i.e. a vector which exists as 
an extrachromosomal entity, the replication of which is 
independent Of chromosomal replication, e.g. a plasmid. 
10 Alternatively, the vector may be one which, when introduced 
xnto a host cell, is integrated into the host cell genome and 
replicated together with the chromosome ( s ) into which it has 
been integrated, 

in the vector, the DNA sequence encoding the receptor should be 
ISoperably connected to a suitable promoter sequence. The 
promoter may be any DNA sequence which shows transcriptional 
activity in the host cell of choice and may be derived from 
genes encoding proteins either homologous or heterologous to 
the host cell. Examples of suitable promoters for directing 
20 the transcription of the DNA encoding the receptor in mammalian 
cells are the SV40 promoter (Subramani et al., Mol. Cell Biol 

1 (1981), 854 -864), the MT-1 (metallothionein gene) promote; 
(Palmiter et al.. Science 221 (1983), 809 - 814) or the adeno- 

virus 2 major late promoter. 

25 The DNA sequence encoding the receptor may also be operably 
connected to a suitable terminator, such as the human growth 
hormone terminator (Palmiter et al., ^ ^) . vector may 
further comprise elements such as polyadenylation signals (e g 
from SV40 or the adenovirus 5 Bib region), transcriptional 

30 enhancer sequences (e.g. the SV40 enhancer) and translational 
enhancer sequences (e.g. the ones encoding adenovirus VA RNAs) . 

The vector may further comprise a DNA sequence enabling the 
vector to replicate in the host cell in question. An example of 
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such a sequence (when the host cell is a maironalian cell) is the 
SV40 origin of replication. 

The procedures used to ligate the DNA sequences coding for the 
receptor, the promoter and the terminator, respectively, and to 
5 xnsert them into suitable vectors containing the information 
necessary for replication, are well known to persons skilled in 
the art (cf., for instance, Sambrook et al . , Molecn1;,r rion-i..^. 
ALgboratoryMamial , Cold Spring Harbor Laboratory, Cold Spring 
Harbor, New York, 1989) . 

10 Cells which may be used in the present method are cells which 
are able to respond to signal transduction through a given 
receptor by cellular growth. Such cells are typically mammalian 
cells (or other eukaryotic cells) as cells of lower life forms 
generally lack appropriate signal transduction pathways for the 

15 present purpose. Examples of suitable cells are cells of the 
mouse fibroblast cell line NIH 3T3 (ATCC CRL 1658) which 
respond by growth to Gq and tyrosine kinase receptors as well 
as oncogenes (e.g. ras (cf . Barbacid, Ann. Re^. rs..o>,^^ ^ 
1987, pp. 779-827) or p53) , mutant G proteins (cf. Kalinec et 

20 al., Mol. Cell. Biol .12, 1992, p. 4687); RAT 1 cells (Pace et 
P^oc. Natl, Acad. Sci TTSA M. 1991, pp. 7031-7035) which 
respond to changes in cyclic AMP mediated by Gi and Gs 
receptors; and pituitary cells (Vallar et al., Mfi 
1987, pp. 556-558) which also respond to changes in cyclic AMP 

25 mediated by Gi and Gs receptors. 



DNA 



Methods of transfecting mammalian cells and expressing 
sequences introduced in the cells are described in e.g. Kaufman 
and Sharp, j. Mol. Biol. 1^2 (1982), 601 - 621; Southern and 
Berg, j. Mol. Appl. Genet. 1 (1982), 327 - 341; Loyter et al 
30 Proc. Natl. Acad. Sci. USA 2i (1982), 422 - 426; Wigler et al.,' 
Cell 11 (1978), 725; Corsaro and Pearson, Somatic Cell Genetics 
2 (1981), 603, Graham and van der Eb, Virology ^ (I973) 455. 
Neum^n et al., embo J. 1 (1982), 841 - 845; and Wigler et al ' 
Cell 11, 1977, pp. 223-232. 
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The DNA secfuence encoding the receptor n^y encode a tyrosine 
kxnase receptor, such as a colony stimulating factor 1 (cSF-1) 

^pr'! ;^"t"' ^""'^ '^"'^^^ 9-wth facto; 

5 ilZ\ ' '"'"f f--^- (^F) , nerve growth factor 
5 (NGF), xnsuUn, xnsulin-like growth factor 1 (lGF-1, receptor 
etc ; a G-protein coupled receptor, such as a Gi-coupled, Gq- 
coupled or Gs-coupled recen^nr• ^ „ • 
. „ ^, ^ ^^"^ receptor, e.g. a muscarinic receptor 
(e.g. the subtypes ml, m2, m3, m4, m5) , dopamine receptor (e g 
the subtypes Dl, d2, D4, D5,, opiate receptor (e.g. the 
10 subtypes u or 6,, adrenergic receptor (e.g. the subtypes alA 
alB, alC, a2C10, a2C2, a2C4), serotonin receptor, tachy.ini; 
receptor, luteinising hormone receptor or thyroid-stimulating 
horxnone receptor (for further information on G-protein coupled 

15 SoualedReceetors, Birhauser, Boston, 1992). 

Receptors that couple to the G-protein Gs may be able to induce 
P-gal When expressed with a chimera between Gs and Gq (eg 
GQ-S5) Alternatively, cells that respond to changes in Gs 

20 IT? "^"^ '"^^^^^^ °^ "^^^ 3T3 cells. 

20 Lxkely- candidates are RAT 1 cells where cAMP is known to have 

sxgnxfxcant effects on cellular growth (Pace et al. Proc. Natl 

88:7031-7035 (1991,,, and certain pituT^^T^ 
ixnes where growth is sensitive to changes in the Gs pathway 
(Vallar et al. Nature 330:556-558 (1987,, . a third possibility 
xs to prepare chimeric receptors such that the ligand binding 
domaxn of a given Gs-coupled receptor is fused with the 
G-protein coupling domain of a Gq coupled receptor. Such 
chxmeras have been reported for ml muscarinic (Gq, and B- 
30 aLTr"""^'°" al..^. Biol. Ph.. 265:6219-6224 

several receptors have recently been identified that do not 
have intrinsic tyrosine kinase activity, but are able to 
stimulate the activity of tyrosine kinases endogenous to 

35 GM-CSF receptor which induces foci in NIH 3T3 cells when 



wo 95/02823 



PCT/US94/07900 



18 



activated by ligand (Areces et al. Proc. M.t-i .... ... 

0:3953-3967 (1993),. M.e the t^^^^I^:^^-—:^ 
these receptors may be assayed by the present method. 

Recently, several receptors have been identified which have 
antrxns.c tyrosine phosphatase activity. For use in the present 
xnethod, tyrosine phosphatase receptors may be co-expressed 
together wxth a tyrosine kinase receptor, it is likely that 
these receptors could reverse tyrosine phosphorylation by 
tyrosine kxnase receptors, and thus inhibit signals mediated by 
10 these receptors. 

Transcription factors may be assayed by constructing vectors 
Where the DNA binding target of a transcription factor is 
engineered to control the expression of a gene that stimulates 

15 function of the transcription factor {or compete for the DNA 
binding site, , expression to the growth controlling gene would 
be^suppressed (Spanjaard et al. Mol . Endoor^-nolo,.,. 7:12-16 

Receptors of the retinoic acid/steroid super family of 
20 receptors could be assayed by preparing chimeras between the 
ixgand binding portions of these receptors, with proteins that 
stimulate cellular growth by acting as transcription factors. 
Chimeras between the glucocorticoid receptors and the oncogene 
c-fos allow glucocorticoids to stimulate foci in nih 3T3 cells 
199in"^"^^ ^^■=>^-^^'-^ ^--^ rrrf^ 88:5114-5118 



Many gene products that can induce ligand-independent growth 
may also be conveniently assayed by the present method. Many 
proteins that induce ligand-independent growth are mutant forms 
30 of receptors. Exanples include forms of the trk A receptor 
mutant forms of EGF receptors, the neu oncogene (Wong et al' 
proc. NaM Arad Sr-i nn, 89: 2965-2969 (1992); Schlessinger 
et al.HgursQ 9:383-391 (1992)). Also, many of these proteins 
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are mutant forms of signal transducing proteins such as 
G-protexns (Barbacid Ann, Rev. Rior^p^. 56:779-827 (1987) ) m 
principle, the advantage of the present method in 'this 
5 bf d"^'"-'! general. effects of compounds on growth can 

5 be dxstanguashed from specific effects on the activity of the 
oncogene. This may be achieved by measuring overall cell 
growth and viability of the culture in parallel with the 
specxf.c marker present in the transfected cells. Since the 
ma.orxty of cells are not transfected, general effects on cell 
10 growth must be nonspecific. 

It is further envisaged that the receptor may be a ligand- or 
voltage-gated ion channel. Ligand-gated channels include 
subtypes of nicotinic acetylcholine receptors, GABA receptors 
glutamate receptors (IMDA or other subtypes), subtype 3 of the 
15 serotonin receptor or the cAMP-regulated channel that causes 
cystxc fabrosxs. Voltage-gated ion channels include subtypes of 
potassxum, sodium, chloride or calcium channels (cf. Lester 
^^3^ 241, 1988, p. 1057; Nicoll, Sciencg 241, 1988, p 545)' 

20 T r.'"" '""""^ ""''^ incubated under ionic 

20 condxtxons where activation (or inactivation) of the channel 
wxll yxeld a net change in ion flow. The cells could be 

In'acIll'T '° ^"-^ °^ -^-^-g 

intracellular xon channel concentration on cell amplification 

25 tZ T"^"!; ""^ co-transf ecting 

25 the desxred channel with an oncogene which is sensitive to 
calciiim levels. 

According to the present method, any agonist activity of the 
test substance may be determined by an enhanced effect of the 

30 trT\" ^"""'^ °' receptor-transfected cells relative 
to a background of cells which have not been transfected with 
the receptor. Although an enhanced effect may be measured as 
exther an xncrease or decrease in growth, the enhanced effect 
Of the receptor in the presence of an agonist is most usually 
detected as enhanced arrplification of the receptor-transfected 

oD cells. 
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According to the present method, any antagonist activity of the 
test substance may be determined by inhibition of the effect of 
the receptor on growth of the transfected cells relative to a 
background of cells which have not been transfected with the 
5 receptor. Although an inhibition of the effect may be measured 
as either an increase or decrease in growth, the inhibition of 
the effect of the receptor is typically detected as an 
inhibition of amplification of the receptor-transf ected cells, 
in a particular embodiment, the test substance is incubated 
10 with the transfected cells in the presence of an agonist of 
receptor stimulation of cell amplification. Inhibition of 
cellular amplification by the agonist shows the presence of an 
antagonist . . 

In the transfected cells, the marker may be the transfected 
15 receptor DNA or the transcribed receptor mRNA. The presence of 
receptor DNA or mRNA may be determined by DNA amplification 
and/or hybridisation techniques. 

For hybridisation purposes, DNA may be isolated from the cells 
and digested with a suitable restriction endonuclease. After 

20 digestion, the resulting DNA fragments may be subjected to 
electrophoresis on an agarose gel. DNA from the gel may then be 
blotted onto a nitrocellulose filter and hybridised with a 
radxolabelled oligonucleotide probe. The probe may conveniently 
contain a DNA fragment of the receptor gene (substantially 

25 according to the method of E.M. Southern, j. Mol . Rir.i go 
. 1975, pp. 503) . 

For amplification purposes, total mRNA isolated from the cells 
may be reverse transcribed to prepare a cDNA library. cDNA 
encoding the receptor rtay then be amplified by polymerase chain 
30 reaction (PCR) using oligonucleotide primers corresponding to 
segments of the gene coding for receptor in question and 
detected by size on an agarose gel. Amplified receptor cDNA may 
also be detected by hybridisation to a radiolabelled 
oligonucleotide probe comprising a DNA sequence corresponding 
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to at least part of the gene encoding the receptor. This method 
XB described by, e.g., Sambrook et al., suora. 

The marker also be an enzyme, a binding protein or an 

antxgen. m this case, the cells are transfected with a DNA 
5 sequence encoding the marker in question. 

Examples of enzymes useful as markers are phosphatases (such as 
acxd or alkaUne Phosphatase,, E-galactosidase, urease, glucose 
oxxdase, carbonic anhydrase, acetylcholinesterase, giu- 
10 ZZ "'^'^ dehydrogenase, glucose-6-phosphate 

10 dehydrogenase, l.-glucosidase, proteases, pyruvate de- 
carbo>^lase, esterases, luciferase, alcbhol dehydrogenase, or 
peroxidases (such as horseradish peroxidase). 

TO visualize enzyme activity in the present method, a substrate 

15 Ts a T "'"'^'^ " ^-^-^ Of Which 

15 IS detectable. Examples of substrates which may be employed in 

the method according to the invention include o-nitrophenyl-B- 
D-galactopyranoside, 5-bromo-4-chloro-3-indolyl-p-D- 
galactopyranoside, chloronaphthole, o-phenylenediamine, 3-(p- 
hydro^henyl, propionic acid, luminol, indoxyl phosphate p- 

umbellxferyl-D-galactopyranoside, H,03/tetramethylbenzidine or 



^tl^d are . ""'^^ ^^^^ 

25 ribei? °" streptavidin which may be detected with 

25 abelled bxotxn. Suitable sustances for labelling biotin may be 

fluorescent tags (e.g. fluorescein, phycoerythrin, phycocyanin, 

above), other possible binding proteins are lectins, in 

30 '^"'^'"^ - lectin or wheat lectin 

30 Lectins may be visualised by means of carbohydrates capable of 
?abl7/°-'f --pective lectins. Such carbohydrates may be 
labelled with the same substances as described above for 
tuotxn. 
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Exaroples of antigens which xnay be used in the present method 
are HLA or c-myc Antigens xnay be visualised by means of 
labelled antxbodies reactive with the respective antigens. The 
antxbodies may be labelled with the same substances as those 
5 described above for bidtin. 

The marker is preferably an enzyme, in particular B- 
galactosidase encoded by the E. coli lacz gene, or firefly 
lucxf erase. The DNA encoding the marker enzyme may be present 

10 present on a separate vector which is then co-transfected with 
the vector carrying the receptor DNA. 

in a particularly preferred embodiment of the single receptor 
format, the present method comprises 

15 mi '^^"^'^"^'"^ "^^^^ ^i'^^ encoding the receptor and with 
15 DNA encoding a marker enzyme, 

(b) dividing the transfected cells into several identical 
alxguots^ 

(c) incubating each aliquot with one or more test substances 
20 °' sufficient to distinguish between 
20 stimulated and non-stimulated receptors, and 

(d) determining any change in cell growth by measuring marker 
enzyme activity in each aliquot. 

TO control for non-specific effects on cell growth in step (d) , 
the amount of marker enzyme expressed by stimulated cells may 

25 be compared to the amount of a second and easily 
distinguishable marker enzyme expressed by non-trans feet ed 
cells mixed into the culture before addition of the test 
substance. The advantage of using two different enzymes as 
markers according to the method of the invention is that the 

30 time needed to distinguish between stimulated and non- 
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Jtim^l.ted cells Is relatively brief. There is no need to wait 
for several days until £oci have fooned on a culture pla ^ Ind 

ce'sXt c'h™' r ^ ™- ^eLe it ; 

necessary to change the „,ediu,n in the plates. Further™>re if 

eparat"rif"r"°" ^''^^^ ^ lu^nescent 

separation of substrate is re<n.ired before detection. 

Figure 2 is a schematic representation of a strah^„„ f„ • 
9le receptor. A high concentration of receptor DHA and » 

:::r"rt""r ™* p-.aiactosid?se i 

PrecipiL^r '^^"^ ^'■"-"-^ 

" = ti— ^^HL— — - r . t 
ris'::uirba~iargrr ^^^^^^ - - 

theory the a^unt of ^r.er found in the culture afte" a gt n 

2a: nsTha^"""■^^"°"" ^ proportional to the percentage I 
cells that were initially transfected with the n^rlcer. If the 
cells are incubated in the presence of a ligand that stimulates 
the receptor (agonist), the receptor-transfected cellT 111 
have a positive growth advantage relative to other cells in tj 
culture. Since the majority of receptor-transfected cells also 

™ftrc:ru'rer "-^ - - 

Multiple Receptor Fprmat 

in another embodiment of the present method, the cells are 
Should be taken to mean that statistically each ceT^s T 

r:::rf ""^^-^^ «-ptor^ni:.=;"is":y":: 

Obtained by using only small amounts of receptor DBA for 
transfection so that the BKA encoding any . one particular 
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receptor constitutes only a small percentage of the total DNA 
used for transfection, for instance by using carrier DNA or by 
transfecting the cells simultaneously with a number of 
different receptor DNAs. In the latter case, very few of the 
5 cells will be transfected with more than one receptor DNA 
although it cannot be excluded that other receptor DNAs may 
also be present in minor quantities in some of the cells 
However, only the cells containing a receptor stimulated by the 
particular ligand added to the cells will be amplified 
10 according to the method (and thus become visible in the assay) 
AS an alternive to this procedure, separate cell cultures may 
be transfected with each of the receptors and subsequently 
mxed before addition of the test substance (s) . 

^ Transfection procedures are otherwise as described above for 
15 the single receptor format. Likewise, the receptor types used 
for transfection are the same as indicated above. Because the 
strength of responses are related to signal transduction type 
the best results would be obtained by testing receptors of the 
same class together, e.g. Gq-coupled receptors such as alA, b 
20 and C adrenergic receptors, ml, m3 and m5 muscarinic receptors 
S2 and ic serotonin receptors; Gi-coupled receptors such as m^ 
and m4 muscarinic receptors, D2 and D4 dopamine receptors le 
and Id serotonin receptors; trk A, B and C receptors, EGp'and 
PDGF receptors; adenosine receptors, a2 adrenergic receptor 
25 subtypes, somatostatin receptors, opiate p and 5 receptors- 
oncogenes such as ras, p53, neu oncogenes, or oncogenic for^ 
of the trk, EGF, PDGF, etc., receptors. 

suitable markers are described above. However, it may be 
.n ^^^'^^^^^^^y advantageous to include different markers in the 
30 method of the invention such that cells expressing a given 
receptor also express a marker which is distinguishable from a 
marker expressed by cells transfected with another receptor (to 
make it easier to distinguish between the different receptors) 
To be distinguishable, enzymatic markers should not overlap in 
35 their substrate specificities (e.g. alkaline phosphatase and p- 
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ItTZ T ■ ^"-tion „ech.„is.s should 

(e.9 alkaune phosphatase to give a black reaction product and 
P-9alactosidase to give a mellow reaction product,. 
5 Alternatively, chro^ogenic and luminescent detection ™, L 
combined ,e.g. p-galactosidase and firefly lucif erase) . In this 
case, the reactions inay easily be distinguished because B- 
galactosrdase yields a chromoganic product when reacted «ith o- 
-trophenyl-P-B-galactopyranoside, while luciferase yields a 
10 l-nescent product when reacted with lucif erin. Lulnescent 

Uight, Thus, several luminescent enzymatic reactions may be 
performed sequentially in the same reaction mixture. 

15 rLT ""''-^^^''^ preferred embodiment of the ™„ltiple 
15 receptor for^t, the present method comprises 

(a) transfecting cells with DNAs encoding two or more distinct 
receptors, each transfected cell e=:pressing an individua 
receptor, and with DNA encoding a marker enzyme, 

<c, incubating each ali^ot with one or more test substances 

stLLtern °' '° distinguish between 

stimulated and non-stimulated receptors, 

M) determining any. change In cell growth by measuring marker 

theT IT'"" ^'^^ -tive ligands by 

their ability to alter cell growth characteristics, and 

(e, identifying. Which receptor is activated by the ligand by 

^ ZT'. ".T """""^ '° '"^ ^^'^^'^ in =teps 

ta;-(d) of the Single Receptor Format. 
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In another particularly, preferred embodiment of the multiple 
receptor format, the present method comprises 

(a) transfecting cells with DNAs encoding two or more distinct 
receptors, each transfected cell expressing an individual 

5 receptor, and with DNA encoding a marker enzyme, 

(b) dividing the transfected cells into several identical 
aliquot 

(c) incubating each aliquot with one or more test substances 
for a period of time sufficient to discriminate between 

10 stimulated and non-stimulated receptors, 

(d) determining any change in cell growth by measuring marker 
enzyme activity in each aliquot, identifying active ligands by 
their ability to alter cell growth characteristics, and 

(e) identifying which receptor is activated by the ligand by 
15 assaying the receptor DNA and/or mRNA by DNA aiiplif ication 

and/or hybridisation techniques. 

In yet another particularly preferred embodiment of the 
multiple receptor format, the present method comprises 

(a) transfecting cells with DNAs encoding two or more distinct 
20 receptors, each transfected cell expressing an individual 
receptor, and with DNAs encoding two or more marker enzymes 
such that cells expressing a given receptor express a marker 
which is distinguishable from a marker expressed by cells 
transfected with another receptor, 

25 (b) dividing the transfected cells into several identical 
aliquots. 
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. (c) incubating each aliquot with one or more test substances 
for a period of time sufficient to distinguish between 
stimulated and non-stimulated receptors, 

(d) determining any change in cell growth by measuring marker 
5 enzyme activity in each aliquot, identifying active ligands by 

therr ability to alter cell growth characteristics, and 

(e) identifying which receptor is activated by the ligand by 
adding a substrate for each individual marker enzyme followed 
uy assay. 

10 These embodiments of the present invention are based on the 
principle that if instead of a series of mutant versions of a 
single receptor, multiple receptor types were transfected 
together and grown in the presence of a ligand, a large. number 
Of receptors and possibly also potential ligands could be 

15 tested simultaneouly, thus saving time in a drug screening 
programme. The receptor or receptors that the ligand is able to 
activate would lead to an amplification of cells that express 
that receptor, and thus the receptors that are activated by a 

20 rnl'^^T '"'''^ identified in the culture, for instance 
20 by DNA amplification techniques. 

A number of configurations of the Multiple i^eceptor Fox^nat are 
technically feasible. Figure 10 presents the general concept of 
the Multiple Keceptor Fonmt. Here two receptors are 
transfected into NIH 3T3 cells using low concentrations of 

25 receptor DNA. Under these conditions a minority of cells would 
be transfected, and those that are transfected will normally 
only express a single receptor. Rarely, both receptors will be 
expressed in a given cell, if the culture is grown in the 
presence of ligand with agonist activity against Rl then Rl 

30 transfected cells will be amplified in the culture. For the 
cells where R2 was also expressed with Rl then some R2 will 
also be amplified. The amount of receptor amplification could 
be determined by having distinguishable markers expressed on 
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e.ch of the receptor plasmid=, or alternatively by detecting 
the receptor o£ DNA directly by Beans of DNA a^plificatio' 

technxques . 

one configuration of the Multiple .Receptor Format is 
Sxllustrated xn figure 11. „ere multiple receptors are 
co-expressed with a single marker. Activation of one or more of 
the receptors will result in induction of the marker, and 
xdentxfy the test ligand as having activity. Which of the 
receptors was activated could then be determined by screening 

10 agaxnst each receptor in isolation. This approach should 

utxlxty xn mass screening of compounds for ligand activity 
agaxnst multiple receptor targets. An alternative approach to 
xdentxfyxng which receptor was activated would be to measure 
receptor mRHA and/or DNA by DNA amplification techniques as 

15 xllustrated in figure 14. latter approach is likely to hav^ 
consxderable utility in the analysis of ligands as either 
antagonxst or as inhibitors of receptors that have intrinsic 
actxvxty (e.g., oncogenes). 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 Figure la is a plot of the number of foci vs. concentration of 
xnS DNA. Fxgure lb is a plot of the number of foci vs 
TZTV^ °' carbachol. Cells were stained and foci counted 
2 weeks after carbachol treatment. Experiments were performed 
xn 10 cm Plates, and carbachol (100 m) was applied 2 days 

25 after transf ection, and was changed every 3-4 days. 

Figure 2 is a schematic drawing of the Single Receptor Format, 
where agonist induction of receptor is detected as 
P-galactosidase activity. Receptor DNA and P-galactosidase DNA 

30 "^'r''""''"''^ " ^'^^ concentration of both DNA's, 

30 condxtxons where the majority of cells that are successfully 
. transf ected will be . transf ected with both DNA's. Using the 
calcxum phosphate precipitation procedure described below, only 
a mxnority of cells in the culture will be transf ected. in the 
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inus,,,teci ..a^l, eeUs divlaa once a aav, and the presence 
Of an agonist ligand doubles the rate of division ,., of clus 
transfected with the receptor. 

Figure 3a illustrates the ti«e-course of hu,«„ „erve growth 
5 actor ,„cp, stimulation of p-galactosidase activity in clu' 
transfected with the hu^n trX A receptor. Illustrated is a har 
.raph Of the ahsorl^nce at 420 vs. da.s of incubation in ^e 
pre ence or absence of la nM nop. pig^re 3b illustrates thl 

10 Tzizr^ '^"""""^^ " -vs 

IfTcala?":"" '"^ °* stimulation 

Of P-galaotosxdase in cells tranfected with .5 and .2 
muscarinic receptors. 

15 t^"ca' t, ' ^'^"'"^ showing an example protocol 

Ind"^'" aose-response relationships of ml, m3 

and ms muscarznic receptors. Pigure 6b illustrates the 
aose-response relationships of m2 and m4 muscarinic receptors. 

ac™ -tagenesis of the mS ^.scTrinic 

acetylcholine receptor. 

o^ILht '""""'^^ Within the mutated region 

of erght functional muscarinic receptors that were Lh 
25 xsolated and se^enced from at least tM> different 7oci ^e 
e^e^ce of the wild-type mS receptor is indicated at the 
<s.ngle and three letter codes, followed ^ the ^tant 
:c~in:"\?r^ -encoded l 

are indicated with conservative substitutions in plain type Ld 
nonconservative substitutions in bold type, ^enty additional 
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unxgue sequences were isolated from independent foci. For the 
28 mutant receptor sequences, an average of 2.4 amino acid 
Changes were observed/receptor. Figure 8b illustrates a 
coinparison of the sequences of the five wild-type muscarinic 
5 receptor subtypes. Shading indicates identity or conservative 
substitutions with respect to the sequence of the m5 receptor 
Positions where only identical or conservative substitutions 
are tolerated for all five of the receptor subtypes are 
indicated by an (<>, . Positions where nonconservative 
10 substitutions that are not related to the functional 
classxfxcation of the receptors (m2/m4 versus ml/m3/m5) are 
xndxcated by an (x) . Positions where at least the Pl-linked 
muscarinic receptors (ml/m3/m5) are conserved are indicated by 
an (0). Positions where the substitutions are predictive of 
15 functional classification are indicated by an :nl/m3/m5 
conserved, nonconserved versus m2/m4, and m2/m4 conserved) 
Boxed residues are conserved with respect to positions where no 
nonconservative substitutions were identified in the mutated 
receptors (indicated below the positions indicated in part C) 
20 Figure 8c illustrates a compilation of all amino acid 
substitutions that were identified in at least two independent 
foci. Amino acid substitutions are listed below the 
corresponding amino acid substitution listed in B. Amino acid 
substitutions are listed once for each independent receptor. 
25 Positions of amino acid changes that were observed in at least 
two foci are indicated below the position of the corresponding 
wild-type amino acid. These amino acid changes are compiled 
from the 28 independent mutant receptors isolated from the 675 
recombinant library. Positions where no nonconservative 
30 substitutions were isolated are boxed. Amino acids where the 
other muscarinic receptors are conserved with respect to m5 are 
also included • in these boxes. Figure 8d illustrates a 
compilation of amino acid substitutions observed in 17 clones 
selected at random from the mutant receptor library expressed 
:>5in £. coli. (prior to transfection and selection by 
transformation of NIH 3T3 cells) . An average of 4.2 amino acid 
substitutions were observed per mutant receptor. The presence 
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Of stop codons is indicated (Sto) . Conservative substitutions 

"^"^ °' '"^^ following groups: S(Ser), 

T(Thr), P(Pro), A(Ala,, andG(Gly); N(Asn), D(Asp), E(Glu) 
andQ(Gln); H(His), K(Lys), andR(Arg); M(Met) , i(iie), L(Leu; 
5 and V(Val); F(Phe), Y(iyr) and W(Trp) ; or C(Cys) . 

Figure 9 is a schematic drawing showing a helical 
representation of the^nnztated domain of the m5 muscarinic 
receptor. The domain is viewed from the intracellular space 

10 ' . C-terminal region of the i3 loop. Amino 

10 acxd substitutions (from figure 8) are indicated by small 
letters. Positions where only conserved substitutions were 
isolated are circled. The large outlined and shaded oval 
encompasses the amino acid positions in which only conserved 
substitutions were observed. This is predicted to be the 

15 functionally critical face of the helix, .he large shaded oval 
encompasses amino. acids positions where nonconserved 
substitutions were observed at every position. This is 
predicted to be a functionally noncritical face of the helix 
The large outer circle indicates the numbering of the amino 

20 acids starting at TM5. Classification of the amino acids with 
respect to homologies with the other muscarinic receptors are 
indicated on this circle using symbols that are defined in 
figure 8. Checks indicate positions in the ml muscarinic 
receptor that tolerate radical substitutions as judged by 
^5 Site-directed mutagenesis. 

Figure 10 is a schematic drawing of an exanple of the ItfuJtipIe 
i^eceptor Format, m this example, a low concentration of two 
receptor DNA's (Rl and R2) are used for transfection. Under 
these conditions, very few of the cells will be simultaneously 
30 transfected with Rl and R2. ^us a Rl ligand will selectively 
amplify Rl-expressing cells. 

Figure 11 is a schematic drawing of an embodiment of the 
Multiple Receptor Format where several receptors are assayed 
simultaneously using only p-gal assays. 
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Figure 12 illustrates the responses of cells to the oncogene V- 
ras. Six well plates of NIH 3T3 cells were transfected with 1 
Jig of V-ras or n-ras and 1 pg of 6-gal cDNA. Assays were 
performed using the Standard Single Receptor format as 
5 described in figure 5. Controls were performed using m5 
receptor transfected cells without an activating ligand. 

Figure 13 illustrates the agonist and antagonist phenotypes of 
a mutant m5 receptor. Ten cm plates of NIH 3T3 cells were 
transfected with 1.5 pg of wild-type m5 (•) or m5-160 mutant 
10 receptor (o) , and 3 pg of 6-gal cDNA. Assays were performed as 
described in figure 5 after incubation in the indicated ligands 
for four days . 

Figure 14 is a schematic drawing of an embodiment of the 
Multiple Receptor Format where several receptors are assayed 
15 simultaneously using a combination of p-galactosidase and DNA 
amplification assays. 

Figure 15 illustrates the ligand and receptor cDNA 
dose/response relationships of the FP prostanoid (B) and ER3 
endothelin (A) receptors. Ten cm plates of NIH 3T3 cells were 
20 transfected with the indicated concentrations of receptor cDNA. 
Cells were incubated in wells of a 95 well plate for 4 days 
with the indicated concentration of ligands. All of the 
transfections also contained 2.5 pg of the D2 receptor and 2.5 
lig of the 6-gal cDNAs. 

25 Figure 16 illustrates the maximal ligand-induced responses of 
the indicated receptors, as assayed using cotransfected 
cultures using a Multiple Receptor Format similar to that 
described in Figure 11. Ten cm plates of NIH 3T3 cells were 
transfected with 0.5 pg of each of the five test DNAs, 2.5 pg 

30 of D2 receptor cDNA, and 2.5 pg of 6-gal cDNA. seven doses of 
agonist ligands selective for each of the receptors were tested 
(ml/carbachol: alpha iB/phenylephrine . NKl/substance p- 
ETB/endothelin-3: FP/fluprostenol) . Cells were incubated in 
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wells of a 96 well plate for 4 days with each ligand. Maximal 
responses were calculated by fitting the data to a model of a 
single mass-action site. Separate experiments demonstrated 
that each of these ligands were unable to induce responses in 
5 the absence of its indicated target receptor. 

Figure 17 illustrates the dose-response of wild-type and 
chimeric alpha 2 adrenergic receptors for the agonist UK 
14,304. The indicated doses of agonist were assayed using the 
Single Receptor Format. Five pg of receptor DNA and 5 yg of 

10 beta-gal DNA were used for 10 cm plates. Receptors were 
incubated with agonist for five days. Data are the means of 
triplicate determinations. The lines are fits of the data to 
a single mass-action site of action by nonlinear regression. 
A chimeric construct of a2cl0 was. prepared using PCR and 

15 standing cloning techniques. Specifically, the entire i3 loop 
of the alpha2cl0 was replaced with the majority of the 

. corresponding alpha lAi3 loop. Beta-galactosidase was assayed 
after incubation in ONPG for 24 hours with absorbance read at 
420 in the spectrophotometer. 

20 The present invention is further illustrated in the following 
examples which are not to be regarded as limiting in any way to 
the scope of the invention as claimed. 

EXAMPLES 



A general protnrol for hh^ Sincrlf^ Rpcepfeor P-n-rm^f- 

25 Cultures of NIH 3T3 cells (available from the American Type 
Culture Collection, as ATCC CRL 1658) were prepared to 50-60 % 
confluence. On day one cells were trypsinized, spun down and 
plated at 1 X 10« cells/ 10 cm plate in 10 ml Dulbecco's 
Modified Eagle's Medium (DMEM) , 10% calf serum (yield 3-4 10 cm 

30 plates from one 175 cm^ flask) . On day 2, cells were transfected 
using the calcium phosphate precipitation procedure of Wigler 
et al. cell 11: 223-232 (1977). For each plate 5;zg receptor 
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DNA. 5f.g 3-gal DNA ^-gal, pSV-P-galactosidase, Proznega) , 20 ;.g 
salmon sperm DNA, 62,5 fa 2.0 M CaCl„ were brought to 0 5 ml 
w.th H3O. The DNA solution was added dropwise to 0 5 ml 2x 
HEPES-buffered saline (280 ^ NaCl, 10 ^ kcI, iT^ 
5 Na,HPO.-2H,0, 12 mM dextrose, 50 N- (2-hydroxyethyl)piperazine- 
N - (2-ethanesulfonic acid) (HEPES), pH 7.05) while gently 
-xxng with air bubbles. On day three plates were washed with 
HANK s balanced saline solution (hbss) and 10 ml DMEM . 10% 
calf serum was added. On day four the cells were trypsinized, 
10 spun down and resuspended in 10 ml (DMEM . 10% calf serum) 100 
Ml of the suspension was added to each well of a 96 well plate 
A 2x concentration of the test compound in 100 fji DMEM (10% 
calf serum) was added to each well. Cells were incubated with 

15 A modxfxed method of Lim and Chae, Biotechn-ir.,.. 7-576-579 
(1989) was used to assay P-gal. On the day of P-gal assay, the 
media were aspirated and the wells rinsed with 100 ul 
phosphate-buffered saline (PBS). 200 Ul of PBS with 3.5 mM 
o-nxtrophenyl-p-D-galactopyranoside and 0.5 % Nonidet P-40 

20 (Sxgma) was added to each well and incubated for 4 hrs at room 
temperature. P-gal responses were linear for several hrs. The 
absorbance of each well was determined by means of a plate 
reader (BioTec) set to ~ 405 nm. 



Example 1 



recephnr ~ " ^ 



Nerve growth factor (NGF) is an agonist for the trk A receptor. 
NCP-st^ulated trk a receptors activate tyrosine 
Phosphorylatxon, and induce foci in NIH 3T3 cells. Figure 3a 
30 Illustrates data from an experiment where tr)c A receptor- 
transfected cells were grown in the presence or absence of NGF 
following the general procedure described above. A 10 cm plate 
of NIH 3T3 cells were transfected with 5 m of trk A receptor 
DNA (cloned substantially as described by Kaplan et al 
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S£i^ 252, 1991, p. 554. and Martin-Zanca et al., Mol Cell 

1989, p. 24) and 5 ^ of P-gal DNA. The cells were 
washed after 24 hrs, and after 48 hrs the cells were 
transferred to 96 wells of a Mcrotiter plate and grown in the 
5 presence or absence of NGF for the indicated nv^ber of days 
P-gal activity was induced by NGF, with a marked induction 
Observed wxthin. three days. The data shown in Figure 3a were 
means of triplicate determnations (each froxn separate wells) 

lOrlla^ H-"'^" illustrates the NGF dose-response 

10 relatxonshxp for inducing p-gal after three days of NGF 
treatment. The NGF ED,, of this response was similar to that 
observed of endogenous NGF receptor induced neurite outgrowth 
xn PC 12 cells (Cordon-Cardo et al.. Cell 66:173-183 (1991); 
Chao et al., Neuron 9:583-593 (1992)). 

15 Also illustrated is the dose-response relationships of the 
related neutrotrophic factor NT3. Not shown is the fact that 
NGF was not able to induce amplification responses in cells 
transfected with the trk C receptor subtype, consistent with 

20 table 27 '"'""''"''^ neutrotrophin receptors (see also 

Bxasiple 2 . 

■receptor subt^^P^ n,i . n.2. n.^ , 

25 TiTT T'^'^^^^^^^ --^^-^ ^^-t stimulate phospholipase 
c (ml, m3, m5) are able to stimulate cellular growth and induce 
focx xn NIH 3T3 cells, only when the transfected receptors are 
activated by ligands that have agonist activity, m monoclonal 
ixnes xsolated from NIH 3T3 cells transfected with these 
receptors, the agonist dose-response relationships for 

30 stimulation of phospholipase c, stimulation of mitogenesis and 
foci are identical, and these responses are blocked by the 
muscarinic receptor antagonist atropine. The m2- and m4 
xnuscarinic receptors do not strongly stimulate phospholipase c 
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.n NIH 3T3 cells, nor do they induce foci. These data indicate 
that Ixgand-induced changes in cellular growth can be used as 
an assay of the pharmacology of some muscarinic receptor 
subtypes (Gutkind et al . , pnas 88, 4703 (1991); Stephens et 
oal., Oncogene 8, 19-26 (1993)). 

N^H 3Tr".T"". °^ -5 ^or inducing foci in 

NIH 3T3 cells xs xllustrated in figure la. These data indicate 
that the focus response requires low concentrations of DNA 
-ing) and is linear over a wide range of DNA concentrations 

10 (Ing to at least 1000 ng) . For 100 ng of m5 DNA, the 
dose-response relationship of carbachol for inducing foci is 
Xllustrated in figure lb. Using the calcium phosphate 
precipitation conditions described above under the general 
protocol, a minority of cells in each culture are actually 

15 transfected with DNA. These data indicate that under conditions 
where low concentrations of DNA have been used to transfect a 
nanority of cells within a culture, robust • ligand-dependent 
responses are observed. 

Muscarinic receptor, subtypes, like many other receptors, are 
20 able to selectively interact with functionally distinct 
G-proteins. For example, ml, m3 and m5 receptors selectively 
stimulate phospholipase c by coupling with the G-protein Gq 
and m2 and m4 selectively inhibit adenylyl cyclase by coupling 
wxth the G-protein Gi. m2 and m4 also selectively couple with 
25 the G-protexn Go (Jones et al., in Molecul.. 

, G-p:rote^n-ronp 1Pd rornptnr^, M Brann ed. Birhauser Boston, pp 
170-197 (1992),. one strategy for altering the functional 
Phenotype of a receptor is to express the receptor with a 

30relT.'-T°'"" receptor-coupling 
30 selectivity of Gq were changed to that of Gi, then m2 and m4 
receptors would be able to activate such a mutant Gq. it has 
recently been shown that the carboxy-terminus of G-proteins 
directs their selectivity for different receptors, in our 
studies, we tested a chimera between Gq and the 
35 carboxy-terminal five amino acids of Gi (Gq-i5) or Go (Gq-i5 
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l^e ttae-course of carbachol i„auctio„ of P-gal,ctosidase 

5 trTT\ T". - 3T3 cells (fl^re 4, 

5 tr.nsf.cted „.t. ™5 and .2 nuscariMc receptors, Either 5 « 
of hu,«„ „5 muscarinic receptor DNA and 5 « of of a control 
Plasmd DNA, or 5 « of hmnan „c muscarinic receptor DHA and 5 
W of G,-i5 ™a <m2/Gg-is,, were combined with 5 « of 

ild . transferred to wells of a 96 well plate fo; 

cllr d f "^^^"-""l '-"-nt was 

carbachol were changed every three days. 

in the case of the receptor, the G-i5 chixnera was 

15 co-pressed with with the, receptor (5 ^ of -receptor and 5 
Of G-protexn). m the absence of expressed G-protein, ^ 
receptors have no effect on P-galactosidase levels. For both 
the in2/g-.5 and mS transfected cultures, carbachol was able to 
20 ^"'^"-^ P-galactosidase levels, and this effect 

20 reached a plateau at about five days of drug treatment. The 
abxlxtxes of Gg-i5 and Gq-o5 to mediate P-galactosidase 

carZr^ ""^'""^ '° stinn^lation of xn4 receptors by 

carbachol. EDSO's of carbachol for m4/g.i5 was 0.037 J- 

0.046 and for zn4/g-o5 was 0.032 0.047, and both 

25 co^.natxons yielded sixnilar »axi^i responses, .hese data 
andacate that n.4 receptors couple with sixnilar efficiencies to 
q-i5 and q-o5. 



Based on the above time-courses and experiments where cell 
densxties were optimized to yield maximal P-galactoaidase 
30 sxgnals, the general protocol for the 5in^.e .eceptor .orZ 
described above was applied. The ml-m5 muscarinic receptors 
were cloned substantially as described by Bonner et al 
S£^ 237, 1987, p. 527, and Bonner et al., X, ISSs' 

p. 403. For each of the ml, m3 and m5 muscarinic receptors nih 
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3T3 cells were transfected with 5 ^ of receptor DNA and 5 ;.g 
of P-galactosidase DNA. For each of the m2 and m4 muscarinic 
receptors, NIH 3T3 cells were transfected with 5 ^ of receptor 
DNA, 5 ;.g of Gg-i5 DNA, and 5 ,jg of P-galactosidase DNA. Data 
5 for the ml, n6 and xn5 muscarinic receptors were collected 5 
days after carbachol treatment, and data for the m2 and m4 
muscarinic receptors were collected 4 days after carbachol 
treatment. No media changes were performed. Data were means 
from three-four independent wells, read directly from the 
10 orxgxnal wells 4 hrs after addition of substrate and detergent 
Lxnes are computer generated fits of the data to an equation 
for a single mass-action site of action. 

The carbachol dose-response relationships of ml, m3 and m5 
transfected cells was investigated (figure 6a). similar 
15 experiments were performed with m2 and m4 receptors 
CO- transfected with Gq-i5 (figure 6b) . As illustrated, the 
general protocol permitted precise determinations of the ED,o's 
of carbachol for these five receptors. These values are in 
good agreement with ealier measurements using foci induction 
20 (Gutkind et al., Pypc NaM Acad, .gn-i ne. 88, 4703 (1991)) 
mtogenesis (Stephens et al. ^jcog^ 8:19-26 (1993)), second 
messenger and physiological responses (Jones et al. Mol. 
amriD.40:242-247 1991)) . Also illustrated is a fit of the data 
to an equation for a single mass-action site of action. As 
25 indicated, all of the receptors obeyed this receptor 
mss-action relationship. Table 1 illustrates the 

Pharmacologies of several muscarinic agonists and antagonists 
for the ml-m5 receptors evaluated using this assay. All of the 
antagonist data was in good agreement with parameters that have 
30 been previously evaluated using binding assays, with the 
exception that most antagonist have lower potency in these 
functional assays that in binding assays (reviewed in Jones et 

^Plg^ular Biolpgy o f G-Protnin Conmo^ 
cit.). Also, illustrated is the ability of the assay to 
35 discriminate between the responses of full and partial 
agonists. Partial agonist are often difficult to differentiate 
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from full agonists in functional assays. Difficulties are often 
due to ceiling effects and receptor spareness. In fact, assays 
rarely combine a high sensitivity to weak partial agonists with 
an ability to discriminate full and partial agonists. 



A. JPnarmaco 


logy of Muscarinic Agonists - EC50 [^M] (% Max) 


agonist 


ml 


m2 


m3 


ITl4 


ino 


arccoline 


3.2 ± 0.7 


0.025 ± 0.001 


0.34 ±0.11 




U.dU ± 0.05 




(86 ± 3) 


(105 ±0) 


(66 ±9) 


(12 + 


{/ / xl) 


carbachol 


6.5 ± 0.6 


0.10 ±0.04 


1.4 ±0.7 




U.l 1 ± 0.U5 




(100) 


(100) 


(100) 




(100) 


McN A-434 


1.1 ±0.2 


1.5 ± 0.6 


2.2 ± 0.0 


UAZ X U.Uz 


1.0 ± 0.3 




(43 ±2) 


(108 ±7) 


(38 ±2) 




(57 ± 4) 


muscarine 


2.4 ± 0.8 


0.06 ± 0.02 


0.56 ± 0.25 


0.32 ±0.15 


0.39 ±0.18 




(84 ± 4) 


(76+1) 


(84 + 6) 


(69 ± 2) . 


(86 ±0) 


oxotremorine 


0.39 ±0.13 


0.019 ±0.010 


0.21 ±0.06 


0.033 ±0.014 


0.055 ± 0.001 




(75 ± 10) 


(100 ±5) 


(66 ±5) 


(102 ±3) 


(74 ±2) 


pilocarpine 


274 ±30 


25 ±1 


35 ±3 


60± 16 


27 ±10 




(79 ±5) 


(107 ±4) 


(54 ±7) 


(71 ±8) 


(71 ±4) 


B. Pharmacol 


ogy of Muscarinic Antagonists -negative log 


Ki [M] 




atropine 


9.0 ±0.1 


8.3 ± 0.3 


8.9 ± 0.2 


9.1 ± 0.0 


9.1 ± 0.0 


pirenzepine 


7.7 ± 0.0 


6.2 ± 0.0 


6.6 ± 0.2 


7.3 ± 0.2 


6.9 ± 0.0 


4-DAMP 


8.6 ± 0.0 


7.6 ± 0.2 


8.7 ± 0.3 


9.1 ±0.1 


9.0 ± 0.2 


p-F-HHSiD 


6.6 ± 0.2 


6.3 ± 0.1 


7.5 ± 0.1 


7.3 ± 0.1 


7.1 ± 0.2 


methoCTtramine 


6.3 ± 0.1 


7.6 + 0.1 


<6.0 


6.4 ± 0.1 


<6.0 



n«c. ^narmacoiogy of muscarinic acetylcholine receptors 

uose-response relauonships of muscarinic agonists and antaeonists at the five cIonpH hnmnr. 

«^ i= *. . ® m2 and m4 were also co-transfected w th Gq-i5 cDNA. Amolification 

assays were pwformed usmg the Single Receptor Fomiat Data represent 4e nSVsS of 2T 
S^IT ^ ^^""'^^Ph^nn'.colopy Individual EC50 and mLimal res^^ fceredS 
vLZf^^Jt^'T "^^i^. ^0 concentrations of the indicated Ugands, wiS 34 
rephcates per concentration. Maximum responses are indicated as a % of c^achoTrSoo^e. 

^i^f„T/.?S°."'l^ d^'""' 200 HM (ml);ioVM (S.m4?%^ 

Sn^i iS^.?^^- An'^RPni-^tPharm^rolp^. Individual IC 0 val^es were dSved by 

^'""i^^ "^^"t ^-^0 concentration of the indicated ligands. with 34 replicates 
per concentration. IC30 values were converted to Ki values using the CheS-Pi^sofr cmE 
Ajggonists were evaluated using carbachol at 50 jxM (ml). 5 ^iU (m2.m4)'S (SS i^M 
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Example 3 

Luciferase arhivi rY in cell^ fransff^rh^H with th^ n,^ ;.n^ 
(GQ-i5) mu scarinic recept-org 

Following the general protocol described above, amplification 
5 of the m5 muscarinic receptor and the m2 muscarinic receptor 
(co-transfection with Gq-i5) was determined using firefly 
luciferase (luc, pGL2-control vector, Promega) as a marker 
instead of |3-galactosidase. Receptor, marker, and G-protein DNA 
concentrations were identical to those described for the 

10 P-galactosidase experiments in Example 2. The EDSO's of 
carbachol were 0.22 +/- O.l for m5 and 0.14 +/ 0.11 fM for 
in2/q-i5 for inducing activity of firefly lucifierase. Firefly 
luciferase was assayed as recommended by the manufacturer 
(Promega). The data obtained indicate that, like 

15 P-galactosidase, firefly luciferase can serve as a sensitive 
marker of muscarinic receptor activation by a ligand. 

Excunple 4 

Stimulation of d ifferent recentorg 

Receptors belonging to several functional categories have 
20 successfully been assayed using the the general protocol for 
the Sinffle Receptor Format described above.' The results are 
shown in Table 2 below. These data indicate that a wide range 
of receptors and related molecules can be assayed by our 
amplification assays. Illustrated are examples of receptors 
25 for a diversity of transmitters including monoamines, amino 
acids, peptides and large hormones (muscarinic receptors, 
Bonner et al.. Science 237: 527, 1987; Bonner er al.. Neuron l': 
403, 1988; dopamine D2 receptor, Stormann et al., mol. pharm. 
37: 1, 1990; tachykinin receptor, Takeda et al., BBRC 179: 
30 1232, 1991; Huang et al., BBRC 184: 966, 1992; Gerard et al., 
JBC 265: 20455, 1990; alpha 1 adrenergic receptors, Cottecchia 
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et al., PNAS 85: 7159, 1988; Lomasney et al . , jbc 266: 6365 
III":'' ^IT ' ^^^^"^"^'^ receptors, Regan et al . , pnas 85: 
6301, 1988; Lomasney et al., PNAS 87: 5094, 1990; endothelin 
receptors Arai et al.. Nature 348: 730, 1990; Sakurai et al., 

19 rV '''' '^"^^ ^^2] 

1990; G-protem mutants, Voyno-Yasenetskaya et al., jbc 269- 

4721. A diversity of signal transduction classes are also 

illustrated: G-protein coupled receptors, tyrosine kinase 

ixnked receptors, G-proteins and oncogenes, m a few of these 

7tl\ Z "^""^ ^''^^ ^^^-^ interaction 

Ihol t'. I'T"''"''^ receptors. in many cases, it has been 
Shown that focus assays do not yield measurable responses 
(e.g., m2 and m4 muscarinic receptors with Gq-i5) . a detailed 
analysis of pharmacology of alpha adrenergic receptors is also 
±t> presented in Table 3, 
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Receptors Ass. 


ayed by Amplification — 


Receptor 




Ligand 
ECso nM 




I^max 


Trans. 










Adrenergic 


phenylephrine 


UK 14,304 


Epinephrine 







alpna lA 


460 + 30 






-T-r-r- 


Gq 


alpha IB 


110±20 








Gq 


aJpha 2 CIO 




200 


430 


11 r 


Oq/ui 


alpna z 




690 


1,700 


•4-4-4- 


oq/ui 


ajpiia Z 




780 


50 




vjq/oi 










Do mi no 

l^v/p<] 1111 JIC 


Quinpirole 










\JJL 


0,5 ± 0.4 






.1,, |_ 












bndothelin 


ET^l 


ET-2 


ET-3 






ETa 


0.079 ± 0.048 


16 + 4.1 


2.1 ± 1.2 


+++ 


Gq 


ETb 


0.24 ± 0.2 


17.6 ±8.5 


0,14 ±0.07 


+++ 


Gq 










Glutamate 


Quisqualate 










metabatjopic 


2,400 ± 1.400 






+ 




Insulin 


Insulin 












0.08 ± 0.08 






+ 


— - 










Muscarinic 


carbachol 


oxotremorine 


muscarine 






ml 


6,500 ± 600 


390 ±130 


2,400 ±800 


+++ 


Gq 


mz 


100 ±40 


19±10 


60 ±20 


++ 


Gi* 


ni3 


1,400 ±700 


210±60 


560 + 250 


^++ 


Gq 


ni4 


270 ±70 


33 ±14 


320 + 150 


f+ 


Gi* 


m5 


110±50 


55±1 ; 


390 ±180 


f++ 1 K 


□a 








Neurotrophin ] 


^GF ] 










trkA ] 


l.2±0.6ng/ml : 


> 1000 ng/ml 


H 




ns: 


trkC 




U±l.lng/ml 


-t 


-+++ 1 
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Prostanoid 


Fluprostenol 


MB28767 








FP 


2± 1 






+++ 


Gq 


EP3 




270 ±190 




++ 


Gi 








Tachykinin 


substance P 


neurokinin A 


neurokinin B 






INXV 1 


7±3 


14 ±5 


99 ±50 


+++ 


TK 


NK2 


65 ± 6.5 


21 ±6 


L3±0.7 


+++ 


TK 


NK3 


164 ±59 


11±2 


ICQ ±20 


+++ 


TK 










Activated 












v-ras 








» I r r 




p53-H175 








+++ 




p53-W248 








+++ 




G-12-229L 








+++ 




G-q-183C 








++ 




m5-164 








+++ 


Gq 










G-protein 












G-q 








+++ 




G-12 








+++ 











triDlicate P 5«^wf«T^^ Ligands were tested using 7-9 doses in 

of receptors are indicftS cS = mSTne wL^f «8P^.'?"«l"ction cl4es 

the G-protein Gq-iS to mediate aSSnt. tS" Some roieptors (*) required the coexpression of 
in som? cases):3,ri,^3iSS S^SSb^tiSti^^^^^^^^^ (oncogenes 
amplification i^sponses in Ae^enSf ^HH^^^^ '° significant • 

G-^roteins couW^am^eJ UenTeS,^^^^ ^"'^-'yP'^ ^-P^teins. the 

nomenclature of Conklin et aL C^mrimilillf 19^^^?.^ ^TT^ll 
active m5 receptor described in figure 13 ^' ^^"^ '° consQtutively 
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Agonist Pharmacology of al Adrenergic Receptors - ECo nM/ Max R...nnn.. 


Agonist 


a2-C2 


a2-C4 




Epinephrine 


1,700/++ 


50/ + 


/ion / J 1 
4iU / ++ 


Norepinephrine 


7,200/++ 


11 + 




Qonidine 


± 


>10 000 / ++ 




p-I-Clonidine 


50/ + 






p-NH2-Clonidine 


400/ + 


+ 


+ 


BHT 920 


>10 000 /+++ 


->iU,UUU / +++ 


>10,000/+++ 


BHT 933 


>io flon /++-4. 




>10,000/++ 


Guanfacine 


2.500 /+++ 


± 


4,600 / ++ 


Prazocin 


8,700/++ 


>10,000/++ 


+ 


Oxymetazoline 


220/+++ 


>10,000/ + 


4,600/++ 


Rilmenidine 


± 


480 / + 


+ 


Dexmedetonnidine 


2/+++ 


+ 


+ 


Moxonidine 


1.500 /++ 


2.000 / + 


4,400/+++ 


Isoproterenol 


± 


>10,000 / + 




UK 14,304 


690 /++ 


780 / + 


200/+++ 



^^^thtlZl\^^^^^^^^ Dose-response 

N H ^'^"^^e^^ ^5 three cloned human alpha 2 adrenergic receptor subtypes 

SSSl^"' ^^"^ co-transfccted with adrenergic receptor iJnd B-galactosidasc cDNAs ^ 

2^SxSST?SSafl^^^^ ''"^^ '™ ^^'^ represeS Ae mean of 

rfat frSin ^"^''"'"^ ECio and maximal responses were derived by nonlinear regression of 
data from 8-10 concentrations of the indicated ligands, with 3-4 replicates per concentration 
Maximum responses are indicated relative to other ligands at a givVn receX f^St St + 

°U verv^^Sfr?' ^ '""^if '"^'^ "^l'"" ^«P°"Ss thaTcr^JD^t deteSned. 

(±) a very smaU response was observed, but reliable values could not be calculated. '^"""'^ 
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Example 5 

Random Tnnt-ag pnPc.-,- . fh e mS n,u......... . -rrrfn. 



TO xllustrate the utility of the Multiple Receptor Format the 
^5 .eceptor was subjected to random mutagenesis over the 
5 N-ter..naI 20 amino acids of the third intracellular loop 
(N-X3), ad3acent to the fifth transmembrane domain (TM5) 
region of the recpnhor- f-H^^ • . ^ »cixii im^);, 

G nrnf.- T ^''^^'"'^ ""^"^ ^= involved in eoi^pling to 
G-protea„s. Two PCR products were prepared such that the 

10 ZT ™ ""^^ ™«*"-<' the entire 

10 «5 do^in ana the forward pri:„er ,P3, for the second product 
co^rrsed the entire N-i3 do™in To incorporate stations, an 
aourn^lar r^xture of the four bases were substituted at a 15% 
rate for wild-type nucleotides during synthesis of the P3 

15 ^""""^^ AP^l -d ECORI 

15 restrxctron srtes for subse^ent cloning, .^e two PCR products 
were treated with T4 Dm polymerase to create blunt enL 
ZT\ '° ''f'" concataaers, and restricted with Apal and 

inserts °'! r" '"l ^^"^""^^-"""-^ <*' ms-Apal/EcoRl 
20 ocD^ ^ ' *P-l/EcoRl fragment of the 

20pct,-:„5 yreldxng a population of .nutant ne receptor cDNA 

7. A cDHA library of receptors, each with a different set of 
rando^ mutations, was used to transfect HIH 3T3 cells 
^ansfections were performed with 450 ng of library cDKA (675 
2S reco.*mants, per 10 cm plate. The NXH 3T3 cells w^re growe r" 
the presence of 100 „M carbachol until foci were formed. After 
pllrT; ^°ci are removed from the 

random he ™* synthesized using 

30 Zvl rr'" templates were used to 

30 ampUfy i.e «, fragments using P4 and P5 as PCR primers. P5 is 
complementary to a plasmid DNA sequence that is transcribed but 
13 upstream of the m5 receptor cDNA. Thus, endogenous genomic 
se-juences could not be amplified, me PCR products were 
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directly sequenced using Tag polymerase in a cycle-sequencing 
protocol using PI as a primer. 

AS illustrated in figures 8 and 9, n^any different mutant 
receptors were identified in foci. These data allowed 
5 predxctxons concerning the likely structure of the region of 
the muscarinic receptor that is involved in G-protein-coupling 
on a technical level these data indicate that when modest 
concentrations of receptor DNA are used, a single plasmid DNA 
IS able to tranfect a NIH 3T3 cell and allow the ligand 
10 carbachol to stimulate growth of the cell resulting in a foci 
and that the mutant receptor that induced the foci could be 
Identified by DNA amplification procedures. 
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Example 6 



amplificaMon of beta^galactosidase 

Using random mutagenesis qf-rpihorr-; 
5 in Ficura 7 ^t^tegies analogous to that described 

5 in Figure 7, „e have introduced mutations into regions of the 

^ receptor thought to be involved in ligand binding and 0- 

^ni oL" " '•'■^^ " performed using 

10 ^ed TnT ""^""^'■^"-^^ -1"-- These DNA preparations ar! 
10 used in transfeotions and assays in .nodif ications o£ the Single 
Receptor fcr^t. «odi£ioatio„s involve a proportional soaL 
do™ in «x„ 3.3 oeu nu^ers and PH. a„unts fro. those u^d 
for 10 Plates, to amounts appropriate for individual wells 
o£ 6 well or 24 well plates. In the ease of transf ections 
15 performed in 24 well elates h«h. , '".lections 
directlv in beta-gal assays are performed 

directly in the wells used for transfection without an 
intermediate transfer step le.g.. the 10 cm plate to 96 well 
Plate transfer of the standard sin^ie Keceptor ror^t. Figure 
20 Clones Procedures we have screened several hundred 

20 Clones for a variety of functional phenotypes. To identify 
»atant receptors that retain the ability to respond to ago" t 
we screen with high concentrations of agonist. « ilZll 
™ta„ts that have elevated activity in the absence of l^^d 
we screen mutants in the absence of agonist and/or in th; 
25 presence of antagonist. One clone that was isolated C this 
procedure is illustrated in Figure 13. Relative to „ila-t^ 
.his clone has a significantly elevated response in the abs^c; 
Of ligand, and this basal response is blocked by antagonists 

30 fZ lT ""'"^"^ ""'^'^ °' a^lification assays for the 
30 Identification of receptors with mutant phenotypes 

Example 7 

one configuration of the Multiplex Receptor Format is 
35 cDHAs are cotmsfected with beta-gal cDNA into a culture of NIH 
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3T3 cells. After addition of ligands • 

ligand/recPr>t-^>- ■ u ■ -tigands an effective 

gand/receptor xnteraction is identified by a positive bet. 

substantially rednr-o^ -receptor DNA is 

°-«--iy reduced in concentration. EmoiriV^i 
multiple reof^r^^r.r-o • • •■ , ^npirical data using 

^pxe receptors is illustrated in Figure Ifi r .r. 
example lirrar.^ '■J-gure 16. in this 

PJ-e, ligand responses to . muscarimV 

."~:.:L;-:::r,r~' ~ ^-^-^^^rirs 

assay (lo receptors assayed simultaneously) . 



Example 8 

Pisea.sP GPn. ^^-^^V -ind.IdgnUfication 



M.„y d.sease= are caused by mutations in receptors a„d/„ 

Wild-rvDe rac! ^/-. v.= ^» • , \v ras;, cut not 

rype ras (c-ras), is able to mediate significant- ^.c. 
m amDlificahior, a-^yniricant responses 

cimpiitication assays. As summarized in Table 2 
25 oncogenes surVi m,,.... ^ laoie other 

genes such as mutant forms of p53 and the G-protein ri ? 
able to niediate amplification responses Also 
Hxanple 6, a., mutant form of the m5 rector tL i^ a"t 

the absence of agonist was identified by a^ii^iLjon " " 
Together thesp • ^- a^npj-itication assays. 

for acti > • '"^'^^ amplification assays 

for activity m the absence of ligand, and/or inappropriall 
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ligand sensitivity. By "inappropriate ligand sensitivity" is 
meant that a mutant form can be expected to respond to ligand 
at a lower concentration than the wild-type form, in addition, 
mutant forms' elevated activity will also be blocked by 
5 antagonist as shown, for example, in Figure 13. Assays can be 
performed one at a time as in Example 6, or several patient 
DNAs could be tested simultaneously using the Multiplexed 
assays described in Example 7. 

Example 9 

10 Assav of Chimeric Rer:er>^nrc! 

Many receptors that do not mediate robust responses in 
aitplification assays can be engineered to mediate responses by 
changing their selectivity for signal transduction pathways. 
AS illustrated in Figure 17, the ability of alpha2 adrenergic 

15 receptors to mediate functional responses can be greatly 
amplified by inserting the third loop of the alphal receptor. 
Alphal receptors efficiently couple to Gg, while alpha2 
receptors more efficiently couple to Gi. As suggested by this 
data and others, the third loop is thought to be the primary 

20 determinant of coupling selectivity. 
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CLAIMS 



1. A method of detecting a substance capable of acting as a 
ligand, the method comprising, 

(a) incubating, under conditions permitting cell amplification 
5 cells transfected with DNA coding for a receptor capable of 
influencing cell amplification in response to a ligand, the 
cells comprising a marker of cell amplification, with a test 
substance which is a potential agonist or antagonist of the 
receptor, and 

10 (b) after a period of time sufficient to permit cell 
amplification, determining the presence of absence of 
amplification of cells containing the marker relative to cells 
not containing the marker. 

2. A method according to claim 1, wherein the cells are 
15 transfected with DNA encoding a single receptor 

3. A method according to claim 2, wherein the DNA encodes a 
tyrosine kinase receptor, G-protein coupled receptor, tyrosine 
kinase activating receptor, tyrosine phosphatase receptor 
transcription factor, steroid receptor, oncogene or ligand- or 

20 voltage-gated ion channel, or a chimeric receptor composed of 
the ligand-binding region of one receptor and the signal 
transducing region of another receptor. 

4. A method according to claim 1, wherein any agonist activity 
of one or more test substances is detennined by an enhanced 

25 effect of the receptor on amplification of the transfected 
cells relative to a background of cells which have not been 
transfected with the receptor. 

5. A method according to claim 1, wherein any antagonist 
activity of the test substance is determined by inhibition of 
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the effect of the receptor on antplif ication of the .trans fected 
cells relative to a background of cells which have not been 
transfected with the receptor. 

6. A method according to claim 5, wherein the test substance is 
5 ancubated with the transfected cells in the presence of an 

agonist of receptor stimulation of cell amplification. 

7. A method according to claim 1., wherein the marker is the 
transfected receptor DNA, the transcribed receptor mRNA, an 
enzyme, a binding protein or an antigen. 

10 8. A method according to claim 7, wherein the marker is 
receptor DNA or mRNA, and its presence is determined by DNA 
amplification and/or hybridisation techniques. 

9. A method according to claim 7, wherein the marker is an 
enzyme selected from the group consisting of phosphatases (such 

15 as acid or alkaline phosphatase) . fi-galactosidase, urease, glu- 
cose oxidase, carbonic anhydrase, acetylcholinesterase, glu- 
coanylase, malate dehydrogenase, glucose- 6-phosphate 
dehydrogenase, fi-glucosidase, proteases, pyruvate de- 
carboxylase, esterases, luciferase, alcohol dehydrogenase, or 

20 peroxidases (such as horseradish peroxidase). 

10. A method according to any of claims 1-9, the method 
coinprising 

(a) transf ecting cells with DNA encoding the receptor and with 
DNA encoding a marker enzyme, 

25 (b) dividing the transfected cells into several identical 
aliquots, 

(c) incubating each aliquot with one or more test substances 
for a period of time sufficient to distinguish between 
stimulated and non-stimulated receptors, and 
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(d) determining any change in cell amplification by measuring 
marker enzyme activity in each aliquot. 



11, 



A method according to claim 1, wherein the cells are 
transfected with DNAs encoding two or more distinct receptors 
5 each transfected cell expressing an individual receptor. 

12. A method according to claim 11, wherein the DNA encodes a 
tyrosine kinase receptor, G-protein coupled receptor, tyrosine 
kxnase activating receptor, tyrosine phosphatase receptor 
transcription factor, steroid receptor, oncogene or ligand- or 

10 voltage-gated ion channel, or a chimeric receptor composed of 
the ligand-binding region of one receptor and the signal 
transducing region of another receptor. 

13. A method according to claim 11, wherein any agonist 
activity of one or more test substances is determined by an 

15 enhanced effect of one or more receptors on amplification of 
the transfected cells relative to a background of cells which 
have not been transfected with the receptor. 

14. A method according to claim 11, wherein any antagonist 
activity of one or more test substances is. determined by 

20 inhibition of the effect of one or more of the receptors on 
anplxfication of the transfected cells relative to a background 
of cells which have not been transfected with the receptor. 

15. A method according to claim 14, wherein the test substance 

or substances are incubated with the transfected cells in the 

25 presence of an agonist of receptor stimulation of cell 
amplification. 

16. A method according to claim 11, wherein the marker is the 
transfected receptor DNA, the transcribed receptor mRNA, an 
enzyme, a binding protein or an antigen. 
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17. A method accordina to rl;=»iTn 

^xiiy CO ciaxm 16, wherein the markpr <= 

amplification and/or hybridisation tschnigues. 

18. A method according to claim 16, wharein the Karker is an 

aZ:„r r t ^--^ - p-.-.ctosi l 

W A method according to claim 11. wherein cells which express 
a given receptor express a marker which is distinguiahabirLom 
10 a marker expressed by cells transfected with another recitoT 

(a) transfecting cells with DHAs encoding two or more distinct 
receptors, each transfected cell expressina °, T 

IS receptor, and with o«A encoding a ^7^^^. 

^J^"""' "^""^"^^ — identical 

for ',"^1""^ T ""^ °^ 

ror a period of time sufficient t-^ . ^ 

30 stimulated and non-stimulated receptors! 

(d) determining any change in cell amplification by measurina 
-rker enzyme activity in each ali^ot, identi^inT a^t v! 
ixgands by their ability to alter cell anplificatiL. and 

(e) identifying which receptor is arUv^i-^^ v« , . 
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(a) fcransfectxng cells with DNAs encoding two or more distinct 
receptors, each transfected cell expressing an rndx'duaX 
receptor, and with DNA encoding a xnarker enzyme 



(b) 



^ ■ -, , '>"J-4-xoxenc to discriminate between 

stimulated and non-stimulated receptors, i^etween 

(d) determining any change in cell amplification by measuring 
10 .arker enzyme activity in each ali^ot, identifying :t . 
ngands by their ability to alter cell a^lification, and 

aslvrnT'^h''"' '^''^^'^^ by 

assaying the receptor DNA and/or mRNA by DNA amplification 
and/or hybridisation techniques. ^cation 

<a) transfec=ting cells with DNAs encoding t„o cr more distinct 
receptors, each transfected coll ™, ■ = distinct 

r-^^^- ^ . ""^'^tea cell expressing an individual 

receptor, and „xth DH^s encoding two or ,«,ra ^rter en™s 
20 such that cells expressing a given receptor express TZZ 
wbrch rs distinguishable fro. a ^,,er expressed hy " 
transfected with another receptor, 

a?U^"'"' '"^ transfected cells into several identical 

for '"tTn T '^'^ -^=tances 

for a period of time sufficient to distingi^ish between 
stimulated and non-stimulated receptors. 
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(d) determining any change in cell amplification by measuring 
n^arker enzyme activity in each aliquot, identifying active 
ligands by their ability to alter cell amplification, and 

(e) identifying which receptor is activated by the ligand by 
5 adding a substrate for each individual marker enzyme followed 

by assay. 

23. A test kit for detecting a substance capable of acting as 
a ligand, the kit comprising, 

(a) frozen cells transfected with DNA coding for a receptor 
10 capable of influencing cell amplification in response to a 

ligand, the cells comprising a marker of cell amplification, 

(b) a medium for growing the cells. 



(c) a 
marker . 



reagent for detecting the presence and quantity of the 



15 24. A test kit according to claim 23, wherein the DNA encodes 
a tyrosine kinase receptor, G-protein coupled receptor 
tyrosine kinase activating receptor, tyrosine phosphatase 
receptor, transcription factor, steroid receptor, oncogene or 
Ugand- or voltage-gated ion channel,' or a chimeric receptor 

20 composed of the ligand-binding region of one receptor and the 
signal transducing region of another receptor. 

25. A test kit according to claim 23, further comprising an 
agonist of receptor stimulation of cell amplification. 

26. A test kit according to claim 23, wherein the marker is the 
25 transfected receptor DNA, the transcribed receptor mRNA, an 

enzyme, a binding protein or an antigen. 

27. A test kit according to claim 26, wherein the marker is an 
enzyme selected from the group consisting of phosphatases (such 
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as. Cider alkaline Phosphatase,. S-,alactosiaase. urease, glu- 
cose oxidase, carbonic anh^arase. acetylcholinesterase, glu- 
ccan^lase, palate dehydrogenase, glucoss-6-phosphate 
dehydrogenase, S-gl„cosidase, proteases, pyruvate ! 
5 carbo>^lase, esterases, luciferase. alcohol dehydrogenase or 
peroxidases (such as horseradish peroxidase, . 

fro. the group consisting of o-nitrophenyl-p-o- 
10 ga ac opyranoside, =-bro„«-4-chloro-3-l„dolyl-p-B- 
galactOK.ranoside, chloronaphthole, o-phenylenedia>nine, ^-ip- 
hydro:^henyl, propionic acid, lu^inol, indo>^l phosphate p- 
nitrophenylphosphate, nitrophenyl galactose, 
15 -Side, H.o,/tetra.ethylhen,idi„e^r 

29 A. test kit for detecting a substance capable of acting as 
a ligand, the kit coinprising, 

(a, frozen cells transfected with DMA coding for a first 
receptor capable of influencing cell growth in response to a 
20 l.ga„d, the cells comprising a marker of cell a^liflcation, 

(b, frozen cells transfected with DHA coding for a second 

ligand, the second receptor being distinct from the first 
receptor, the cells comprising a marker of cell a-^llfication!^ 

25 (c) a medium for growing the cells. 



(d) a 
marker . 



reagent for detecting the presence and quantity of the 



c!lls T 't' '° ^'^'"^ comprising frozen 

cells transfected with DNA coding for further individual 
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receptors, each subsequent receptor being distinct from each of 
the preceding receptors. 

31. A test kit according to claim 29, wherein the cells are 
transfected with DNA encoding two or more markers, such that 

5 cells expressing a given receptor express a marker which is 
distinguishable from a marker expressed cells transfected 
with another receptor, the kit further coit5)rising reagents for 
detecting each of the markers. 

32. A test kit according to claim 29, vrtierein the DNA encodes 
10 a tyrosine kinase receptor, G-protein coupled receptor, 

tyrosine kinase activating receptor, tyrosine phosphatase 
receptor, transcription factor, steroid receptor, oncogene or 
ligand- or voltage-gated ion channel, or a chimeric receptor 
composed of the ligand-binding region of one receptor and the 
15 signal transducing region of another receptor. 

33. A test kit according to claim 29, further comprising an 
agonist of receptor stimulation of cell airplif ication, 

34. A test kit according to claim 29, wherein the marker is the 
transfected receptor DNA, the transcribed receptor mRNA, an 

20 enzyme, a binding protein or an antigen. 

35. A test kit according to claim 29, wherein the marker is an 
enzyme selected from the group consisting of phosphatases (such 
as acid or alkaline phosphatase) , 6-galactosidase, urease, glu- 
cose oxidase, carbonic anhydrase, acetylcholinesterase, glu- 

25 coanylase, malate dehydrogenase, gluco3e-6-phosphate 
dehydrogenase, S-glucosidase, proteases, pyruvate de- 
carboxylase, esterases, lucif erase, alcohol dehydrogenase, or 
peroxidases (such as horseradish peroxidase) . 

36. A test kit according to claim 35, wherein the reagent for 
30 detecting the presence and quantity of the marker is selected 

from the group consisting of o-nitrophenyl-p-D- 
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galactopyranoside, 5 -broino-4-chloro-3 -indoly 1 -p-D- 

galactopyranoside, chloronaphthole, o-phenylenediaxnine, 3-(p- 

hydroxyphenyl) propionic acid, luminol, indoxyl phosphate, p- 

nitrophenylphosphate, nitrophenyl galactose, 4-methyl 

5 unfcelliferyl-D-galactopyranoside, H,0,/tetramethylbenzidine or 
luciferin. 

37. A method of detecting a mutant form of a wild-type gene, 
which wild type gene is not capable of mediating cell 
amplification in the absence of ligand, comprising 

10 (a) incubating, under conditions permitting cell amplification, 
cells transfected with DNA expected to contain a coding region 
for the mutant form of the gene, the cells comprising a marker 
of cell amplification, in the absence of ligand or in the 
presence of an inappropriate amount of ligand, and 

15 (b) after a period of time sufficient to permit cell 
amplification, determining the presence or absence of 
amplification of cells containing the marker relative to cells 
not containing the marker. 

38. The method according to claim 37 wherein the mutant form 
20 is associated with a disease state. 

39. The method according to claim 38 wherein the mutant form 
is an oncogene. 
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